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Because the causes of conotruncal cardiac defects are
poorly understood, a case-control study was conducted to
investigate maternal risk factors for conotruncal cardiac
defects . Eligible cases included all infants who were born
from 1976 through 1980 to residents of the five county
metropolitan Atlanta area and diagnosed with truncus
arteriosus, transposition of the great arteries or tetralogy of
Fallot . Eligible control infants were a sample of comparable
infants without birth defects . Maternal interviews were
conducted for 73% (83 of 114) of eligible cases and 7 %
(1,303 of 1,804) of eligible control infants.
The results showed increased risks associated with ma-
ternal diabetes (odds ratio 5 .6 ; 90% confidence interval .5
to 15 .6), maternal stress related to job loss, divorce,
Conotruncal defects such as truncus arteriosus, transposi-
tion of the great arteries, double outlet right ventricle and
tetralogy of Fallot are so named because they result from
abnormalities in development of the conotruncal region of
the heart. Evidence from genetic studies (1-3) in animals and
humans suggests that conotruncal defects are etiologically
related. This possibility is further supported by animal
experiments (4) that have shown that extirpation of cephalic
neural crest cells results in persistent truncus arteriosus and
transposition of the great arteries .
As with many other cardiac defects, the causes of
conotruncal defects in humans are poorly understood (5,6) .
The risk factors that have been identified, such as the risk for
transposition of the great arteries related to maternal diabe-
tes, can account for only a small proportion of these defects
(5) . To generate etiologic hypotheses, we reviewed the
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separation or death of a close friend or relative (odds ratio
.4; 90% confidence interval 1 .4 to 4 . ) and a history of a
sibling with a cardiac defect (odds ratio 4 .8 ; 90% confi-
dence interval . to 10 .5) . The statistical power of the data
was adequate to rule out threefold or greater increases in
risk for a wide variety of other exposures, including mater-
nal illnesses other than diabetes, contraceptive use, nonme-
dicinal drugs (for example, coffee, tea, alcohol, cigarettes,
street drugs), employment and education . This population-
based study offers no clues that could explain either the
high rate of transposition of the great arteries or the
temporal trend of an increasing rate of tetralogy of Fallot in
Atlanta .
(.1 Am Coll Cardiol 1989;14 :43 -4 )
descriptive epidemiology and conducted a case-control
study of conotruncal defects . The purpose of the review was
to detect temporal trends or racial differences in the birth
prevalence rates of conotruncal defects and to compare
Atlanta's rates with those observed elsewhere. For the
case-control study, mothers of a population-based sample of
infants with conotruncal defects were interviewed about a
wide range of exposures occurring just before conception
and during early gestation . Their responses were compared
with those of mothers of infants without birth defects .
Methods
Study cases . Live-born or stillborn infants who were
delivered to residents of the five county metropolitan Atlanta
area from 1976 through 1980 and who were diagnosed with
truncus arteriosus, aortopulmonary window, transposition
of the great arteries (dextro-, levo- or unspecified), double
outlet right ventricle and tetralogy or pentalogy of Fallot
were eligible for the study . These infants had been prospec-
tively identified by the Metropolitan Atlanta Congenital
Defects Program, a population-based birth defects registry
that has operated in metropolitan Atlanta since 1968 . The
Atlanta program seeks to identify all babies with birth
defects who are diagnosed during their first year of life .
Details of the surveillance system are given elsewhere (7) .
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Infants with interrupted aortic arch type B were not included
because this diagnosis cannot be uniquely identified in this
program registry .
Because the goal of the case-control study was to gener-
ate etiologic hypotheses, we excluded five infants whose
conotruncal defects were probably related to chromosomal
or genetic defects rather than to an adverse maternal expo-
sure in early gestation . Of these infants, three had trisomy-
13, one had Turner's syndrome and one had Meckel-Gruber
syndrome . The conotruncal defects among the infants with
trisomy-13 were truncus arteriosus, transposition of the
great arteries and pentalogy of Fallot . The infant with
Turner's syndrome and the infant with Meckel-Gruber syn-
drome had tetralogy of Fallot. The diagnoses of the 35
infants with other extracardiac defects are listed in the
Appendix .
Although most of the analyses in this investigation treat
the cases as one group, for detailed analyses the cases are
classified into three groups : 1) truncus arteriosus, including
aortopulmonary window ; ) transposition of the great arter-
ies, including dextro-, levo- or unspecified transposition and
double outlet right ventricle ; and 3) tetralogy of Fallot,
including pentalogy of Fallot .
Control infants. Live-born infants who were delivered to
residents of the greater metropolitan Atlanta area from 1976
through 1980 were eligible to be control subjects
. Additional
requirements stipulated that a potential control infant was
not included in the Metropolitan Atlanta Congenital Defects
registry, was not described by his or her mother as having a
birth defect that was later confirmed by chart review and did
not have a sibling registered in the registry
. The first two
requirements ensured that the control infant did not have a
birth defect, and the third requirement ensured that the same
mother did not contribute information for a control infant as
well as a study infant .
Control infants were selected from a review of birth
certificates and were category-matched by race, calendar
quarter of birth and hospital of birth to all infants with
serious structural birth defects ascertained by the Metropol-
itan Atlanta Congenital Defects Program
. In essence, the
eligible control infants approximated a representative sam-
ple of 1 .5% of the 140,000 live births in metropolitan Atlanta
from 1976 through 1980 . Because birth certificate data were
used to select control infants, the small number of infants
whose certificates lacked data for race, hospital of birth or
date of birth were excluded, as were infants whose birth
certificates showed that they had been adopted
.
Exclusion of the nine potential control infants who had a
sibling registered in the Atlanta defects registry resulted in
an artificial decrease in the number of control infants who
had siblings with birth defects . For another study, the
mothers of these nine excluded control infants were inter-
viewed about the presence of defects in themselves and in
the infants' fathers, and siblings
. For the analyses of the
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risks associated with birth defects in first-degree relatives,
we included these maternal interview data for the nine
potential control infants who had been excluded . Data about
maternal exposures, however, were not available .
Birth prevalence . To assess whether the annual birth
prevalence rates of conotruncal defects in Atlanta were in
line with those observed elsewhere, we computed rates for
1970 through 1984 . To permit comparison of Atlanta's rates
with those observed elsewhere, we included the five infants
with chromosomal or genetic syndromes in these computa-
tions . To define further the changes in the birth prevalence
rates that were observed during these years, we computed
rates for whites and other races . In Atlanta, blacks consti-
tute 95% of infants of races other than white .
Interviews. Interviews were conducted in 198 and 1983
as part of a larger study of birth defects in Atlanta (8) . Using
information from birth certificates, workers traced the moth-
ers of all subjects by a standard method . After identifying a
current address and telephone number, study personnel
mailed each mother an introductory letter . The letter was
followed by a 45 min telephone interview that was conducted
by two interviewers . The first interviewer confirmed the
mother's identity, requested permission for the interview
and, if the mother agreed to participate, asked about the
outcome of all of the mother's past pregnancies . Mothers
who agreed to participate were told that another interviewer
would be conducting the rest of the interview . They were
asked not to reveal to the second interviewer whether the
pregnancy of interest had resulted in an infant with a birth
defect . The second interviewer obtained information about
maternal exposures before conception and during early
gestation . Thus, the interviewer who obtained the exposure
information, except for pregnancy history, was not aware if
the mother had had a baby with a birth defect .
Interviews were conducted with an interactive computer
program that provided the interviewer with questions and
monitored the consistency of responses
. Interviewers en-
tered responses directly into the computer, and the com-
puter replied with the next question
. Interviewers were
trained to use a standard method posing questions
. Through-
out data gathering, their performance was monitored to
check their interaction with the respondent and the pattern
of the responses .
Exposure definitions. For convenience of presentation,
we classified exposures into five groups : 1) family history of
birth defects in first-degree relatives ; ) maternal illness and
drug use not related to pregnancy ; 3) maternal fertility and
contraceptive use ; 4) maternal habits and stress ; and 5)
maternal education and occupation . The biologically rele-
vant period when an exposure can lead to conotruncal
defects occurs from the third through the fifth postconcep-
tional week of gestation (3,5) .
To allow for maternal errors in
recall of the date of conception, however, we defined most
exposures as present if they occurred in any of the 4 months
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Table 1 . Cases and Birth Prevalence Rates of Conotruncal Defects by Race
: Atlanta, 1970 to 1984
beginning with the month before conception and ending with
the third month of gestation . For most exposures, mothers
were asked specifically about their experience in each of
these months (exceptions are noted in Results) . Noninfor-
mative responses ("don't know" or refusal to answer) were
excluded from the analysis .
Statistical Analysis
Birth prevalence rates . We used logistic regression to test
for linear and nonlinear associations between the birth
prevalence rate and the year of birth and to test for an
interaction with race . To analyze risk associated with paren-
tal history of birth defects, we computed an odds ratio and
utilized Fisher's exact test
. For the analysis of risk associ-
ated with the presence of a sibling with a birth defect, we
computed a crude odds ratio and an odds ratio adjusted for
sibship size by the method of Mantel and Haenszel (9) .
Exposure associations . Crude analyses for maternal expo-
sure variables included computation of chi-square or Fish-
er's exact tests, odds ratios and 90% confidence intervals .
We used the Taylor series approximation to compute confi-
dence intervals (10) . Because the study's goal was to gener-
ate hypotheses about the causes of conotruncal defects, we
computed 90% confidence intervals instead of more tradi-
tional 95% confidence intervals
.
Associations with confidence intervals that excluded 1
were set aside for detailed review of ancillary data
. These
data aided in assessing the plausibility of the association
. For
associations that were not statistically significant (that is,
p > 0.10), we used the method of Oliphant and McHugh (11)
to estimate the smallest odds ratio > 1 for which the statis-
tical power for detection was 0.80 with the available data,
assuming a two-tailed test and alpha = 0 .10 .
Results
Birth prevalence of conotruncal defects (Table 1) . Figure 1
shows birth prevalence rates of truncus arteriosus, transpo-
sition of the great arteries and tetralogy of Fallot in metro-
politan Atlanta from 1970 through 1984 for all infants . For
ease of presentation, the data were collapsed into
year
periods
. Table 1 shows 5 year birth prevalence rates for
whites and other races . The results of analyses of trends in
Figure 1 . Birth prevalence rates of conotruncal defects : Atlanta,
1970 to 1984 .
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1970 to
1974
1975 to
1979
1980 to
1984 Total
Whites
Truncus Cases 8 8 8
4
arteriosus Rate 0
.09
0
.11 0 .09 0 .10
Transposition Cases 4 38 46 1 6
of the great arteries Rate 0 .46 0 .51 0.54 0 .50
Tetralogy of Cases
17 6 31 74
Fallot Rate 0 .18 0 .35 0.36 0 . 9
Total cases 67 7 85
4
Live births 9 ,304 74,881 85,136 5 ,3 1
Others
Truncus Cases
3 5 10
arteriosus Rate 0.07 0 .05 0 .09 0 .07
Transposition Cases 5 0 1 46
of the great arteries Rate 0 .1 0
.45 0
.39
0 .33
Tetralogy of Cases 9 11 16 36
Fallot Rate 0. 0 . 5 0 .30 0 . 6
Total cases 17
33
4 9
Live births 40,910 44, 47 54,104 139, 61
JACC Vol . 14, No .
August 1989 :43 -4
Table
. Participation Rates, Conotruncal Case and Control Infants : Atlanta
annual birth prevalence rates and in 5 year rates were
essentially the same ; for ease of review, 5 year rates are
presented . For truncus arteriosus, rates were not associated
with race or 5 year period . For transposition of the great
arteries, birth prevalence rates were not associated with 5
year period (chi-square = 3 .56, degrees of freedom; p >
0.10) ; however, rates were strongly associated with race .
The odds ratio for race (other races compared with whites)
was 0.66 (90% confidence interval 0 .50 to 0 .88) : other races
had a rate two-thirds lower than that of whites . Atlanta's
rates for transposition of the great arteries (including double
outlet right ventricle) are somewhat higher than the compa-
rable rate observed in Maryland from 1981 through 198
(0 . 7/1,000 live births) or in New England from 1969 through
1977 (0 . 4/1,000 live births) (1 ) . For tetralogy of Fallot,
birth prevalence rates were not associated with race (chi-
square = 0 .391, 1 degree of freedom), but were associated
with a linear increase over the three 5 year periods (chi-
square = 4 .91, 1 degree of freedom ; p < 0.05). From 1970
through 1984, the annual rate of tetralogy of Fallot increased
from 0.13 to 0 .34/1,000 live births
.
Participation rate (Table
). Overall, the mothers of 73%
(83 of 114) of eligible case infants and 7 % (1,303 of 1,804) of
eligible control infants were interviewed . The percent of
interviews by the infant's year of birth varied from 70% to
76% for case infants and from 68% to 78% for control
ADAMS ET AL .
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infants . For case as well as control infants, a higher propor-
tion of white than of non-white mothers were interviewed .
Information for calculating participation rates by the infant's
gender and by maternal age at the infant's birth was available
only for cases . Among cases, participation rates were lowest
for mothers who were aged < 0 years or >_35 years at the
time of the infant's birth . Differences in participation rates
by the infant's gender were small .
As observed by others (13), a high proportion (57%) of
case infants were male . Participation rates by diagnosis were
as follows: 1) truncus arteriosus 85% (11 of 13), ) transpo-
sition of the great arteries 70% (44 of 63), and 3) tetralogy of
Fallot 76% ( 8 of 38). The mother of the only infant with
pentalogy of Fallot was not interviewed
. When mothers of
eligible subjects were not interviewed, the most common
reasons were 1) failure to locate the mother (61% of eligible
case and 54% of eligible control mothers not interviewed),
and ) the mother's refusal to participate (13% of eligible
case and 1% of eligible control mothers not interviewed) .
Other reasons included language barrier and death of the
mother .
Family history: parents (Table 3). Mothers were asked to
describe any birth defects that had been diagnosed by a
doctor during the first year of life in themselves, their
husbands and the full siblings of the case or control infant
.
Table 3 shows that
of the 83 case parents and 3 of the
Conotruncal Case Infants
Control Infants
Participants
(n = 83)
(73%)
Nonparticipants
(n = 31)
( 7%)
Total
(n = 114)
(100%)
Participants
(n = 1,303)
(7 %)
Nonparticipants
(n = 501)
( 8%)
Total
(n = 1,804)
(100%)
Year of birth
1976 1 (71%)
5 ( 9%) 17 39(71%)
98( 9%)
337
1977 15 (75%) 5 ( 5%)
0 6 (78%) 73 ( %) 335
1978 19 (73%)
7 (
7%) 6 34 (68%)
111 (3
%)
345
1979
16(76%) 5 ( 4%) 1 99 (74%) 107 ( 6%) 406
1980 1 (70%)
900%)
30
69(71%) 11 ( 9%) 381
Race
White 63 (81%)
15 (19%) 78 9 9 (78%) 6 ( %) 1,191
Other 0(56%) 16(44%) 36
374(61%) 39(39%)
613
Maternal age (yr)
< 0 10(45%) 1 (55%)
0 to 4 9(74%) 10( 6%) 39
5 to 9 5 (86%)
4(14%) 9
30 to 34 14 (88%) (1 %) 16
35 to 39 5 (63%) 3 (37%) 8
Infant's gender
Male 49 (75%) 16 ( 4%) 65
Female 34 (70%) 15 (30%) 49
Diagnosis
Truncus arteriosus 11 (85%) (15%) 13
Transposition of the
44(70%) 1900%) 63
great arteries
Tetralogy of Fallot 8 (74%) 10 ( 6%) 38
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Table 3 . Number of Infants Whose Parents Have Birth Defects,
by Case/Control Status and Type of Defect
: Atlanta, 1976 to 1980
1,31 control parents had a cardiac defect ; no infant had
parents with a cardiac defect . One case mother had a heart
murmur and one case father had a "hole in the heart,"
possibly a ventricular septal defect . Eleven control mothers
and 10 control fathers had a heart murmur . One control
father had tetralogy of Fallot and another had a possible
aortic valve defect. The proportion of case infants with a
parent who had a congenital cardiac defect did not differ
from that for control infants (Fisher's exact test, p = 0 .44) .
One case parent and 7 control parents had an extracar-
diac defect ; no infant had parents with an extracariac
defect. One case father had probable hydrocephalus . The
extracardiac defects among the control parents were varied
and included albinism, congenital cataract, cleft lip, cleft
palate, kidney abnormalities, congenital dislocated hip,
polydactyly and spina bifida . The difference in the frequency
of extracardiac defects between case and control parents
was not statistically significant (Fisher's exact test, p =
0.50) .
Family history : siblings (Table 4) . Because the opportu-
nity for having a sibling with a defect increases with the
number of siblings, the results are stratified by sibship size .
None of the case or control infants had more than one sibling
with a birth defect . Six of the 83 case infants and 1 of the
1,31 control infants had a sibling with a cardiac defect . The
cardiac defects among siblings of case infants included heart
murmur (3 infants), "hole in heart" (1 infant), probable
patent ductus arteriosus (1 infant) and transposition of the
great arteries (1 infant); those among siblings of control
infants included heart murmur (13 infants), congenital heart
defect not otherwise specified (3 infants), ventricular septal
defect ( infants) and "hole in heart" (I infant) . Among the
six case infants with affected siblings, one had truncus
arteriosus, two had transposition of the great arteries and
three had tetralogy of Fallot .
Table 4. Number of Subjects Whose Siblings Have Birth Defects, by Sibship Size, Case/Control
Status and Type of Defect : Atlanta, 1976 to 1980
JACC Vol. 14, No .
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Present Absent Total
Cardiac defect in parent
Case
81 83
Control
3 1, 89 1,31
Extracardiac defect in parent
Case 1 8
83
Control
7 1, 85 1,31
Conotruncal Case Infants Control Infants
No . of
Live-Born
Siblings
No . of Siblings With
No . of
Live-Born
Siblings
No . of Siblings With
Birth Defects Birth Defects
0 1 Total 0 1 Total
Cardiac defects
0 7 7 0 458 - 458
1 6
4
30 1 537 8 545
18 1 19 17 7 4
3 5 1 6 3 50 3 53
4 1 1 4 13 1 14
Total 77 6 83 5 9 9
6 4
6
7
8 0
9 1 1
Total 1, 91 1 1,31
Extracardiac defects
0 7 7 0 458 - 458
1 9 1 30 1 536 9 545
19 19 1 1 4
3 6 6 3
49 4 53
4 1 1 4 14 14
Total 8 1 83 5
8 1 9
6 4 6
7 1 1
8 0
9 1 1
Total 1,
83 30 1,31
JACC Vol . 14, No .
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Table 5. Associations for Maternal Drug Use and Illness Not Related to Pregnancy
: Atlanta, 1976 to 1980
*Statistically significant (p < 0 .10) .
The crude odds ratio for having a sibling with a cardiac
defect was 4.79 (90% confidence interval .18 to 10.51) .
Because case infants tended to have more siblings than did
control infants and, hence, had more opportunity to have a
sibling with a defect, the odds ratio adjusted for number of
siblings was slightly lower than the crude odds ratio (ad-
justed odds ratio 4 .56; p < 0.0006). To further evaluate the
association, we checked for a maternal history of diabetes .
The mother of one case infant, whose sibling had transposi-
tion of the great arteries, was diabetic . No control mother
was diabetic . Data were not available for the mothers of nine
control infants .
One case infant and 9 control infants had a sibling with
an extracardiac defect (odds ratio 0 .54; 90% confidence
interval 0 .10 to .91) . The defect in the case sibling was
pyloric stenosis ; the defects in control siblings were varied
and included spina bifida, hydrocephalus, dislocated hip,
club foot, trisomy 13, trisomy 1 and conjoined twins .
Maternal illness and drug use not related to pregnancy
(Table 5). Except for diabetes, no long-term maternal illness
or drug use had statistically significant associations with the
risk for conotruncal defects . The data were adequate to rule
out the following : 1) threefold or greater increases in the
risks for maternal asthma, fever, flu, hypertension, hypothy-
roidism, kidney infection and nonrheumatic heart disease ;
and ) fivefold or greater increases in the risks for epilepsy,
general anesthesia, hyperthyroidism and tranquilizers . Ex-
posure to tranquilizers was defined as maternal use of
Valium (diazepam), Librium (chlordiazepoxide), Equanil
(meprobamate), Haldol (haloperidol), Compazine (prochlor-
perazine), Quaaludes (methaqualone) or other tranquilizers .
We used ancillary data to further evaluate the 5 .5 fold
increased risk associated with maternal diabetes . Of the six
ADAMS ET AL .
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case infants whose mothers were diabetic, five had transpo-
sition of the great arteries and one had truncus arteriosus .
The odds ratio was 9.13 (90% confidence interval 3 .81 to
1 .81) for transposition of the great arteries and 7 .1 (Fisher
exact test, p = 0.15) for truncus arteriosus . Of the six case
mothers who reported having diabetes, four said that they
took medication for it and three said they had been diag-
nosed before the age of 18 years . In contrast, only 6 of the 18
control mothers who said that they had diabetes took med-
ication for it, and 5 of the 18 said they had been diagnosed
before the age of 18 years .
Maternal fertility and contraceptive use (Table 6) . None
of the associations for the conditions or exposures shown in
Table 6 are statistically significant. The variables relating to
contraceptive use pertain to maternal practices during the 3
months before conception and the first month of gestation .
Mothers were asked specifically about their use of each type
of contraceptive; a summary variable-"any contraceptive
use"-was derived by pooling the responses for all contra-
ceptives . The variables relating to fertility were derived from
two questions : 1) "Did you go to a doctor or clinic to talk
about ways of helping you become pregnant?" and ) "Did
you take Clomid (clomiphene citrate) to help you become
pregnant?" Both questions refer to the interval preceding
conception .
For the variable labeled "hormonal pregnancy test,"
mothers were asked whether they had taken pills or had had
a "shot" to find out if they were pregnant . For the variable
labeled "morning sickness," mothers were asked if they had
had morning sickness or nausea at any time during preg-
nancy. Mothers who had had morning sickness were asked if
they had taken medicine for it and, if so, the name of the
medicine or medicines taken . Responses were used to iden-
Conotruncal Case Infants Controls Infants
Exposure
Odds
Ratio
90% Confidence
Interval
Exposed Unexposed Exposed
Unexposed
Asthma 4 79 74 1, 9 0 .84 0 .35 .00
Anticoagulants 0 83 0
1,303
Cancer 0 83 10 1, 93 0 .00
Diabetes 6 77 18 1, 8 5 .55* .49 1 .34
Epilepsy 0 83 16 1,
86 0 .00
Fever 8 75 83 1, 07 1.55 0 .8 .95
Flu
8
75 75
1. 4 1 .74 0 .91 3 .3
General anesthesia 3 80 0 1, 83 .41 0
.86
6 .80
Hypertension 5 78 94 1, 09 0 .8 0 .38 1 .80
Hyperthroidism 1 81 16 1,
8 0 .99 0 .18
5
.48
Hypothyroidism 1 81 60 1, 38 0 . 5 0 .05 1 .36
Kidney infection 4 79 4 1, 54 1 .51 0 .6 3 .66
Other heart disease 5 78 44 1, 59 1 .83 0 .8 4 .09
Rheumatic heart disease 0 83 1 1, 91 0 .00
Tranquilizers
3
80 5 1,
78
1
.9 0 .69
5 .35
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Table 6 . Associations for Maternal Fertility and Contraception : Atlanta, 1976 to 1980
*1 = reference .
tify women who had taken Bendectin, a formulation of
dicyclomine hydrochloride, doxylamine succinate and pyri-
doxine hydrochloride .
The data were adequate to rule out threefold or greater
increases in the risks for any contraceptive use ; use of oral
contraceptives, spermicides, contraceptive jelly, cream or
foam; fertility advice ; morning sickness; medicine for morn-
ing sickness ; Bendectin and second or third parities . The
data were adequate to rule out fourfold or greater increases
in the risks for maternal intrauterine device or diaphragm use
and fivefold or greater risks associated with Clomid or
contraceptive inserts .
Table 7. Associations for Maternal Habits and Stress : Atlanta, 1976 to 1980
*Statistically significant (p < 0 .10) .
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Maternal habits and stress (Table 7). Maternal use of
coffee or tea, cigarettes or alcohol during the period from the
month before conception through the 3rd month of gestation
was not associated with the risk for conotruncal defects . The
data were adequate to rule out a twofold or greater increase
in the risks for cigarettes or alcohol and a threefold or greater
increase in the risks for drinking coffee or tea or "binge"
drinking (consumption of >_6 alcoholic drinks at one sitting) .
Maternal use of marijuana or hashish was not associated
with the risk for conotruncal defects ; the data were adequate
to rule out a twofold or greater increase in the risk for these
agents. In contrast, use of benzodiazepines (Valium, Lib-
Conotruncal Case Infants Controls Infants
Exposure
Odds
Ratio
90% Confidence
Interval
Exposed
Unexposed Exposed Unexposed
Coffee or tea 73 10
1,1
0
183 1 .19 0 .67 .11
Cigarette smoking
8 55 404
889 1 .13 0 .76 1 .68
Alcohol 35
46 653 619
0 .7 0 .49 1 .06
"Binge" drinking
79 69
1,198 0 .44 0 .13 1 .46
Benzodiazepines 3 80
16 1, 87 3 .0 * 1 .05
8 .67
Marijuana or hashish
9 74 13 1,171
1 .08 0 .59 1 .97
Cocaine 1 8
4 1, 99 3 .96 0
.6 5 .30
Heroin or methadone 0
83 1 1 .30
0 .00
LSD
0 83 1
1,30 0 .00
Stress
Job loss
1 71 147
1,154 1 .33 0 .78 . 7
Divorce 10 73 159
1,141 0 .98 0
.55 1 .74
Death 14
69 195 1,103
1 .15 0 .70 1 .89
? stresses
11 7 78
1, 1 .39* 1
.36 4 .
Exposure
Conotruncal Case Infants Controls Infants
Odds
Ratio
90%
Confidence
Interval
Exposed Unexposed
Exposed Unexposed
Any contraceptive use 16 67 96 1,007 0 .81 0 .51 1 .30
Oral contraceptives
7
75 136 1,149 0 .79 0 .40 1 .54
Intrauterine device 1 8 8 1, 74 0 .55
0 .10 3
.00
Diaphragm 1 8 31 1, 7 0 .50 0 .09 .70
Spermacide
8 75
13 1,171 0 .95 0 .50 1 .78
Contraceptive cream or jelly 3 80 51 1 . 5 0 .9 0 .34 .99
Contraceptive insert 81 15 1, 87 .1 0 .60 7 .44
Contraceptive foam 4 79
81 1, 19 0 .76 0 .3 1 .81
Fertility advice 7 76 9 1, 11 1 . 1 0 .6 .38
Clomid 0 83 13 1, 86 0 .00
Hormonal pregnancy test 81 36
1,
67
0.87 0 .
6 .9
Any morning sickness 63 19 898 39 1 .45 0 .93 . 5
Any medicine for morning sickness 18 6 361
909 0.73 0 .46 1.15
Bendectin 13 70 43 1,048 0 .80
0
.48 1 .34
Parity*
45 33 646
569
1.
0 0.81 1 .77
3 5 33 71 569 1 . 1 0 .54 .73
a4 0 33
17 569 0 .00
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Table 8. Associations for Maternal Education and Occupation : Atlanta, 1976 to 1980
*1 years = reference : tstatistically significant (p < 0 .10) .
rium or Serax) was associated with a threefold increase in
the risk for conotruncal defects . The reported use of co-
caine, heroin or methadone and LSD was too rare for
meaningful analysis .
We reviewed ancillary data to evaluate the association
with benzodiazepines . All 3 of the exposed case mothers and
14 of the 16 exposed control mothers had taken Valium . Two
of the exposed case infants had transposition of the great
arteries ; the third had truncus arteriosus . Because the
mother of one of the infants with transposition of the great
arteries was diabetic, we repeated the analysis, excluding
diabetic mothers . The association was no longer statistically
significant (odds ratio .41 ; 90% confidence interval 0 .68 to
8.54) .
Three questions, referring to the period from 3 months
before conception to 3 months after conception, measured
maternal stress : 1) "Did anyone close to you die?" ) "Did
you or anyone close to you lose a job?" 3) "Were you or was
anyone close to you divorced or separated?" Table 7 shows
that none of the associations for death, job loss and divorce
or separation were statistically significant . The data were
adequate to rule out a twofold or greater increase in risk .
In contrast to the associations for each type of stress, the
associations for two or more stresses showed a .4-fold
increase in risk for infants with conotruncal defects . When
we excluded infants of diabetic mothers and recomputed the
odds ratio, the results were essentially the same (odds ratio
.46; 90% confidence interval 1,36 to 4 .46) . Of the 10 case
infants whose mothers had had two or more stresses and
were not diabetic, had truncus arteriosus, 7 had transpo-
sition of the great arteries and I had tetralogy of Fallot . The
distributions of maternal stress by type were similar for case
and control infants . None of the case mothers, but 1 of the
control mothers, reported all three stresses . Information
concerning the presence or absence of supportive family
members or friends who helped the mother to cope with the
stress was not available .
Maternal education and occupation (Table 8) . The moth-
er's number of years of education was not associated with
ADAMS ET AL .
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risk for conotruncal defects (<1 versus > 1 years). The
data were adequate to rule out a twofold or greater increase
in risk for <1 years of education. To account for the
difference in opportunity for education between younger and
older mothers, we repeated the analysis, restricting it to
mothers aged >_ 0 years . The results were unchanged .
Neither maternal employment at any type of job nor mater-
nal employment as a teacher or nurse was associated with a
risk for conotruncal defects . Although the association for
maternal employment in the agriculture industry was statis-
tically significant, the wide confidence interval (3 .05 to
84.54) shows that the result is not stable . The data were
adequate to rule out an eightfold or greater increase in risk
for maternal employment in the beauty industry and a
threefold or greater increase in risk for maternal employment
in the health industry .
Discussion
The results of this study are simultaneously encouraging
and discouraging . One is encouraged that, in these data,
nearly all of the common exposures that were examined are
not strong risk factors for conotruncal defects . Not detecting
a risk factor that can be changed to reduce the frequency of
these defects, however, is discouraging . The study offers
few leads for further investigation and no clues that could
explain either Atlanta's high rate of transposition of the great
arteries compared with rates observed elsewhere or its trend
of an increasing rate of tetralogy of Fallot .
Limitations of the study design : maternal recall . Several
factors may have reduced the likelihood of detecting asso-
ciations that existed . Because interviews were conducted >_3
years after conception, respondents may have forgotten
some exposures. If these omissions occurred to the same
extent for case and control mothers, the odds ratios would
not be biased, but the statistical power of the study would be
reduced. In other words, the study would be less able to
detect increases in risk . If the extent of these omissions
differed for case and control mothers, the results would be
Conotruncal Case Infants Controls Infants
Exposure
Odds
Ratio
90% Confidence
Interval
Exposed Unexposed Exposed
Unexposed
Maternal education*
< 1 years
15 48 03 8 5 1 . 7 0.77 .10
> 1 years 0 48 74 8 5 1 . 5 0.80 1 .98
Any occupation 46 3 733 506 0 .99 0 .67 1 .47
Nurse
81
1,
80
1 .44
0.4 4 .93
Teacher 5 77 66 1, 35 1 . 0 .55 .68
Agriculture industry 81 1,301 16 .06t 3 .05 85 .54
Beauty industry 1 8 7 1,
96
.
6 0.38 13 .31
Health industry 7 76 84 1, 15 1 .33 0.68 .6
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biased. For example, if case mothers reported exposures
more completely than control mothers, the estimated odds
ratios for risk factors would be falsely inflated . Unfortu-
nately, for the data at hand, we lack an independent measure
of the presence or absence of these types of response biases .
A related issue concerns the
specificity of maternal
descriptions of birth defects in family members .
A relatively
strong association was observed for the association between
the history of a sibling with a cardiac defect and the risk of
conotruncal defects . With the available data, we cannot
determine whether the association is best attributed to an
environmental factor that is concentrated among certain
families or to a genetic factor . Furthermore, the vagueness
of maternal descriptions of the cardiac defects casts doubt
on the validity of the association . Because the possibility
that case mothers reported minor or questionable defects
among their children more frequently than did control moth-
ers cannot be ruled out, the association should be interpreted
with caution .
Another factor that may have influenced the detection of
associations is the mother's awareness of when conception
occurred. Most of the questions asked specifically about the
month before conception and the first 3 months of preg-
nancy . If the mother thought that conception occurred
earlier or later than it had occurred, maternal exposures
during organogenesis could be underreported . We addressed
this problem by using a wide definition of exposure . An
infant was categorized as exposed if exposure occurred in
any of the 4 months listed previously . A disadvantage of this
approach, however, is that the group categorized as exposed
may include some infants who were exposed only after
organogenesis .
Grouping of diagnoses . Another aspect of the study de-
sign that may have reduced our ability to detect associations
was analysis of all of the conotruncal diagnoses in one group .
The primary consideration favoring this approach stems
from the results of earlier studies suggesting that conotruncal
defects are etiologically related . Balanced against this con-
sideration is the possibility that the defects are etiologically
heterogeneous. This possibility is supported by differences
in their descriptive epidemiology : a temporal trend is appar-
ent for tetralogy of Fallot, but not for transposition of the
great arteries or truncus arteriosus ; and an association with
race is apparent for transposition, but not for truncus arte-
riosus or tetralogy . If the defects are etiologically heteroge-
neous, lumping them together in the analysis could have
obliterated all but very strong associations . This possibility
seems unlikely because, except for the association for ma-
ternal diabetes, the exposed case infants were not restricted
to a particular diagnosis for the associations that were
detected .
Exposure combinations . Lastly, analyzing each exposure
separately instead of in combination with other exposures
may have impeded detecting associations . From a practical
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viewpoint, however, analyzing multiple exposures would
have been nearly impossible because of the very small
number of subjects with any given exposure . The only
exposure likely to be a strong risk factor for conotruncal
defects is maternal diabetes, and we accounted for it when
evaluating other statistically significant associations . Be-
cause the observation of an association for maternal diabetes
is consistent with previous observations (5), its presence
lends credence to the results-failure to detect this associa-
tion would have called the validity of the data into question .
Direction for future research . The results suggest that the
presence of a sibling with a cardiac defect, maternal diabetes
and maternal stress are risk factors for conotruncal defects .
The role of maternal stress needs to be validated in other
data. If this role is confirmed, the biologic mechanisms by
which maternal stress causes conotruncal defects will need
to be elucidated .
Beyond this, however, broader strategies are needed to
elucidate other risk factors . One possibility is analyzing
special types of exposures (for example, behaviors or envi-
ronmental exposures) . Routine retrospective interviews
alone may not obtain adequate data for such analyses .
Information about environmental exposures can be devel-
oped by linking information from interviews about usual
activities (for example, do you usually drink tap water or
bottled water?) and appropriate biologic and environmental
samples . Because of the expense of gathering these types of
exposure data, their associations with birth defects have not
been well explored .
Another strategy is investigating temporal and/or geo-
graphic clusters of conotruncal defects, or both . The ratio-
nale for this approach assumes that the defect cluster is
caused by a high rate of exposure to a teratogen in a
susceptible and circumscribed population . The investigator
hopes that the increased frequency of the teratogen will
facilitate its detection . The implementation of this strategy
requires long-term surveillance of birth defect rates for
detecting clusters .
Conclusions . The results of this study suggest that most
commonly encountered maternal exposures are not strong
risk factors for conotruncal defects . Two exceptions, which
have been similarly observed by other investigators to
increase the risk for conotruncal defects, are a history of a
sibling with a cardiac defect and maternal diabetes . A third
exception is maternal stress, defined as the occurrence
during the periconceptional period of two or more of the
following: job loss, divorce or separation or death of a clese
friend or relative . Confirmation of the association between
maternal stress and an increased risk for conotruncal defects
is needed from other data . Other approaches to elucidating
the causes of conotruncal defects include epidemiologic
investigations of environmental exposures and temporal or
geographic clusters of defects .
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Appendix
Diagnoses of 35 Infants With a Conotruncal Defect and Extracardiac Defects
: Atlanta, 1976 to 1980*
Conotruncal Defect Extracardiac Defects (each infant listed separately)
Truncus arteriosus I
. Anomalies of aqueduct of Sylvius ; hypospadias ; absence of left
testis ; bilateral talipes equinovarus ; bilateral arthrogryposis
multiplex, congenita
. Anomaly of pleura
; malrotation of small intestine : asplenia ; situs
inversus abdominis
3 . Bilateral choanal atresia : anomaly of trachea ; trachoesophageal
fistula without mention of esophageal atresia ; anomalies of thymus
4. Inguinal hernia
5
. Anomaly
of
ovaries
6. Hypospadias : right clubfoot
7. Anomaly of eyes
8.
Abnormal jaw size ; anomaly of eyelids ; anomalies of fingers ;
anomalies of toes ; widely spaced nipples
9. Hepatomegaly ; congenital chordee with coronal hypospadias ;
anomaly of testis and scrotum
Transposition of the great arteries 1 . Enlarged brain/head ; anomaly of neck ; hypoplasia of lung ; liver
anomaly, achondroplastic dwarfism
. Congenital subglottic stenosis
3 . Abnormal jaw size ; high arched palate
4. Asplenia
5
. Anomaly
of
lumbar vertebrae
6. Right ear tag ; hemivertebrae of thoracic vertebrae ; absence of
ribs ; fused ribs
7 . Clubfoot
8
. Bilateral congenital dislocation of hip
9. Double urethra
10. Congenital hiatus hernia
11 . Holoprosencephaly ; microphthalmos ; low-set ears ; anomaly of
nose ; bilateral cleft palate : horseshoe kidney ; bilateral
hyperplastic kidneys
1 . Anomaly of eyes ; low-set ears ; anomaly of neck ; anomaly of
nose ; cleft lip ; high arched palate ; hypospadias
13 . Ear tags ; low-set ears ; left accessory lobe of lung : cystic disease
of liver
14 . Low-set ears ; anomaly of neck ; unilateral undescended testicle ;
asymmetry of right face ; anomaly of right fingers ; bilateral
anomaly of toes
15 . Dextrocardia with complete situs inversus
16 . Harlequin fetus
Tetralogy of Fallot I . Accessory nipple
. Unspecified encephalocele ; porencephaly ; left cleft lip with cleft
palate ; stenosis of ureter
3 . Low-set ears ; esophageal atresia without mention of
tracheoesophageal fistula
4 . Widely spaced nipples
5 . Misplaced ears ; hepatomegaly ; left metatarsus varus ; right
clubfoot : bilateral webbed fingers ; bilateral anomalies of fingers ;
anomaly of left shoulder : arthrogryposis multiplex congenita ;
splenomegaly
6 . Congenital cyst of mediastinum
7 . Anomaly of eyes ; low-set ears : postaxial polydactyly type B
8
. Unstable hip
9 . Left polycystic kidney ; anomaly of left ribs
10. Anomaly
of eyelid
*Five infants with chromosomal or genetic syndromes are excluded .
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